Water is a scarce resource in many parts of the developed world. Two solutions are possible to address water scarcity: conservation of existing resources, or the further production of water from new sources e.g. through recycling of wastewater or desalination of seawater. However, the main hurdle to implementation of many of these solutions is often viewed as a lack of public willingness to adopt these alternative water behaviours. Research in this area is therefore crucial. Yet, and possibly due to the interdisciplinary nature of such research, there is currently no comprehensive overview of what has been done before. This study fills this gap by (1) choosing a general consumer behaviour perspective as a starting point, (2) developing a conceptual model of research required in the area of water-related public acceptance studies, (3) identifying eight key water-related behaviours which require future research attention, and (4) reviewing which areas of the conceptual model have been investigated in the past by conducting an extensive literature review of water-related social science research. The review established that the majority of work which has been conducted is located at the crossroads of personal characteristics and behavioural intentions. Significant gaps exist in relation to researching the adoption of a wide range of demand-side water behaviours. This indicates a dominance of supply-side solutions in social-research exploration. The review identifies a number of research needs including: the exploration of actual adoption of water-related behaviours (rather than behavioural intentions); and to widen the scope of water behaviour enquiry to include more demand-side solutions. Given the increasing scarcity of water in many areas of the world, addressing these identified gaps will be of significant importance. Thus our model informs the social-research agenda for water policy. The review established that the majority of work which has been conducted is located at the crossroads of personal characteristics and behavioural intentions. Significant gaps exist in relation to researching the adoption of a wide range of demand-side water behaviours. This indicates a dominance of supply-side solutions in social research exploration. The review identifies a number of research needs including: the exploration of actual adoption of water-related behaviours (rather than behavioural intentions); and to widen the scope of water behaviour enquiry to include more demand-side solutions.
Introduction
Water is a critical resource. It supports human life and culture, ecological functions and economic activities. However, in many developed nations the demand for water is increasing at rates which are outstripping traditional supply sources. This is leading to a crisis of water management in many locations which is acknowledged in various international declarations (United Nations 2001; .
A wide range of solutions have been developed to manage shortfalls between water availability and demand. These solutions can be broadly categorized into two approaches: those based on increasing supply, and those based on decreasing demand. Supply-side solutions range from small-scale decentralized approaches which include water saving household appliances, informal re-use of water, rainwater tanks, and household level wastewater treatment systems. Such innovations are discussed by Allon and Sofoulis (2006) . Larger scale centralised solutions include city-wide wastewater recycling systems and seawater desalination plants, both of which have been implemented in various locations around the world (see for example: Government of Western Australia 2003). While Australia has always been drought prone, only recently has there been a policy escalation to address this through augmentation of sources in various major urban centres. The use of alternative water sources is thus increasing across the country. In Australia the use of recycled water is increasing, and presently accounts for 4% of total consumption (Australian Bureau of Statistics 2006), thus there is increasing potential for research on actual use of these alternative water sources. Demand-side (decreasing demand) solutions include initiatives such as increasing efficiency of appliances and water use restrictions. In Australia such restrictions are frequently imposed on households, industry and farmers during periodic water shortages (Nancarrow et al. 2002) . Restrictions are also common place in other countries, for example in China (Rattay et al. 2006 ).
Historical evidence suggests that community attitudes to these alternative sources are critical to their success. A major barrier to some of these management approaches has been a lack of community acceptance. This is particularly problematic for the supply of alternative water sources for drinking purposes, most notably recycled water (Hurlimann and McKay 2004) . As such, an in-depth understanding of the mechanisms that lead people to be supportive of alternative water sources is critically important. The study of water-related consumer behaviour is essential to provide insight into 4 community attitudes to alternative water sources and related water behaviours. Despite the importance of such research, very little work has been undertaken in this area. As will be demonstrated in this article, the work that has been undertaken concentrates on a very limited section of behavioural theory.
The aim of this paper is to develop a conceptual model which specifies the kind of knowledge required to increase our understanding of water-related human behaviour. We will then provide a comprehensive review of the current state of knowledge related to water behaviour based on the conceptual model developed. The review of water-related literature aimed at capturing every single social science publication dealing with issues of acceptance of water from augmented sources. To achieve this, all journals the titles of which include either "environment" or "water" have been searched. The identified articles were used to find additional work through reference lists. As such the paper provides a research agenda for social scientists in the field of community attitudes to alternative water sources and water-related behaviour. This work will inform public policy in countries facing water shortage.
The paper is structured as follows: first, a conceptual model of water-related consumer behaviour is developed. This conceptual model is based on consumer behaviour theory. Secondly, we identify eight key water-related behaviours which require future research attention. Thirdly, the conceptual model serves as the guiding structure for the review of current knowledge in the field. The final result of both these steps leads to a knowledge map which gives clear guidance as to where future research efforts should be directed. Throughout the paper we refer to "water-related consumer behaviour" as including both water conservation behaviour and use of water from non-traditional sources. By "traditional water sources" we refer to reticulated water that is provided by water authorities and that only contains cleaned freshwater from sources such as rivers and ground water. We use the term "nontraditional water sources" to contain the entire set of other possible water sources, such as recycled wastewater, desalinated water, grey water, and other sources of water. Please note that the context of this study is water management in contexts, developed nations, where water is a commodity. The set of challenges in developing nations is different and is not the focus of the present study. 
A conceptual model
A conceptual model of water-related consumer behaviour (Figure 1 ) was developed. The model was deliberately developed using general consumer behaviour theory rather than from empirical studies in the area of water-related social research. The disadvantage of developing a model based on previous work is the over-emphasise on areas of research where much work has been done. Our approach allows identification of areas in which knowledge is lacking.
The conceptual model consists of five layers. The first layer is a wide range of personal characteristics (e.g. demographics) and situational influences (e.g. environmental, water and locational characteristics).
The second layer consists of objective knowledge, and the possible impact of water-related interventions (e.g. marketing campaigns). The third, fourth and fifth layers are based on the Theory of Planned Behaviour (Ajzen 1985) . These are: actual behaviour (fifth layer), behavioural intentions (fourth layer), antecedents of behaviour (including attitudes, social norms and perceived behavioural control -the third layer). The model assumes that personal and situational factors affect water-related knowledge as well as attitudes, social norms and perceived behavioural control. These in turn affect the fourth layer of the model, behavioural intentions. These behavioural intentions may ultimately lead to water-related behaviour (the firth layer of the model), such as conservation or use of alternative water sources. The theoretical basis of this model is now discussed and further described.
The effect of personal characteristics and environmental / location characteristics on behaviour
In consumer research, many factors including demographics, social class and prior experience have been studied in an attempt to account for individual differences in consumer responses to information (Capon and Burke 1980; Jacoby et al. 1978; Moore and Lehmann 1980) . The theory of planned behaviour regards demographic, environmental, and personal characteristic as background variables that can influence behaviour indirectly through affecting behavioural, normative, and control beliefs (Ajzen and Manstead 2007 ). An overview of existing research into these factors is provided below.
The effect of personal characteristics on behaviour

6
A vast range of studies have concluded that personal characteristics influence consumer behaviour.
The role of demographic characteristics on behaviour has received significant research attention. Zeithaml (1985) assumes that income has a strong impact on choice decisions. Demographic factors such as age and income are understood to play an important role as moderators of relationships between psychological and behavioural constructs (Darian 1987; McDonald 1994) . Additionally, Mc Donald (1994) found buyer behaviour is influenced by opportunities and constraints associated with lifestyle characteristics (such as retirement).
More recent research regarding consumer behaviour has abandoned the exploration of demographic factors and shifted attention to psychological constructs (Homburg and Giering 2001) . In many situations a customer's demographic characteristics both affect and reflect their psychological state, values and behaviour (e.g. Dickerson and Gentry 1983; Kalyanam and Putler 1997) . Wandel and Bugge (1997) showed that people in the highest educated group were more likely to put priority on environmentally sound production of food. They found that reasons for buying food produced in an environmentally sound manner were different in different age groups. Dolnicar and Leisch (2008) concluded that segments concerning different levels of pro-environmental behaviour at the tourist destination were distinct segments of the population which differed in a range of personal characteristics, such as gender and age. Wandel and Bugge (1997) showed that women are more likely to prioritize environmental aspects in their quality evaluation of food and are more likely to buy these products than men. However, Homburg and Giering (2001) found less evidence for moderating effects for gender and involvement. The review indicates that personal characteristics such as age, income, gender, having children in a household play an important role in affecting behaviour. The effect differs depending on the behaviour in question.
The effect of environmental / location characteristics on behaviour
Country segmentation approaches have been used by numerous researchers (including: Helsen et al. 1993; Sethi 1971) . However, the approach ignores important within-country heterogeneity among consumers (such as differences between metropolitan, regional and urban areas) and commonalities among consumers in different countries (Ter Hofstede et al. 2002) . Some researchers propose "crossnational segmentation", which groups consumers in different countries based on their similarities in 7 needs (Ter Hofstede et al. 1999; Yavas et al. 1992) . Empirical support has been found for local similarities in cultural, attitudinal and behavioural patterns (Parker and Tavassoli 2000; Ronen and Shenkar 1985) . Ter Hofstede et al. (2002) developed a model which identified geographic segments for consumer products. The model recognizes consumer behaviour within those segments may not be perfectly homogeneous.
The study of the effect of locational characteristics on behaviour is growing as a direct result of globalization. Hassan and Katsanis (1994) argue that world cities such as Paris, New York and Tokyo might have more in common with one another than with their neighbouring regions. It is argued that regions might not display spatial independence in consumer behaviour even with their similarity in physical landscape, e.g., climate, topography or natural resources (Gentry et al. 1988; Parker and Tavassoli 2000) . Similarity is hypothesised to be displayed more through predominant value and lifestyle systems. Empirical support for regional variations in consumer behaviour is provided by various researchers (Gentry et al. 1988; Parker and Tavassoli 2000) . Location differences have also been found for buying behaviour regarding food (Myrland et al. 2000; Wandel and Bugge 1997) .
The effect of knowledge and marketing interventions on behaviour
The role of knowledge on consumer behaviour has been extensively studied by consumer researchers.
Focal issues range from knowledge measurement and information search (Brucks 1985; Rao and Sieben 1992) , to product judgments (Maheswaran et al. 1996) , information processing (Alba and Hutchinson 1987; Bettman and Park 1980; Park et al. 1994 ) and choice (Mitchell and Dacin 1996) .
There is general agreement that knowledge is a multidimensional construct (Brucks 1985; Mitchell and Dacin 1996; Park et al. 1994 ), but a number of alternative conceptualizations of knowledge have been proposed. Anderson (1983) suggests that product knowledge consists of declarative knowledge (product information) and procedural knowledge (expertise). Some authors hypothesise that expertise increases with product experience/familiarity (Alba and Hutchinson 1987; Moorthy et al. 1997) .
Knowledge and Behaviour
Subjective and objective knowledge have different effects on information processing and consumer behaviours (Aurier and Ngobo 1999; Flynn and Goldsmith 1999) . Objective knowledge increases the 8 number of attributes examined in a complex usage situation whereas subjective knowledge is significantly related to the tendency to request opinions rather than attribute information (Brucks 1985) .
Prior knowledge has been found to encourage information search by making it easier to process new information (Johnson and Russo 1984; Punj and Staelin 1983) . In the health domain human behaviour is at the centre of much research. Knowledge, such as knowing about a disease after being diagnosed with illness such as cancer or a heart disease, can prompt life style changes (Blanchard et al. 2003) . For example, in a sample population Harnack et al. (1997) found that cancer prevention-related nutritional knowledge corresponded to cancer prevention related dietary behaviour. Petrovici and Ritson (2006) also show that knowledge about nutrition has a positive influence on dietary health preventive behaviour.
The effect of marketing interventions on behaviour
Marketing interventions potentially have a significant impact on behaviour. Fishbein and Ajzen (1975) found that exposure to marketing interventions influences a person's beliefs, which then mediate their attitude towards the product. Behavioural intention is formed as a consequence of this attitude formation. A popular marketing intervention in the field of social marketing is nutrition education campaigns. Several studies have examined the effect on behaviour and found that they have mixed success in shaping the consumer behaviour (Menon et al. 2002) . Herrmann et al. (2002) observed different consumer behaviour in Germany when consumers reduced beef demand due to the mad cow disease crisis. However, such a decrease was not found in Bavaria due to the success of the Statefinanced generic promotion program, which stressed regional origin and quality control (Herrmann et al. 2002) . Scholderer and Grunert (2001) investigated the determinants of eating fish before and after an advertising campaign in Denmark. They found that before the campaign no significant relationship was found between behavioural intention and its hypothesized determinants. In the post-campaign period, the social norm from 'family' contributed significantly to the explanation of the intention to eat fish. Amongst other factors such as availability and meal preparation skills, the intention to buy fish showed a significant impact on consumption frequency before an advertising campaign. After the campaign, only the intention to buy fish was a significant determinant of consumption frequency. In sum, it can be concluded that the effect of marketing interventions on consumer behaviour in general and in the social marketing context is well established and consequently must be included in the conceptual model proposed for water-related behaviour.
The effect of attitudes, social norms and perceived behavioural control on behaviour
The Theory of Planned Behaviour (Ajzen 1985 ) is a further development of the Theory of Reasoned Action (Fishbein and Ajzen 1975) . The theory provides a conceptual framework for understanding human behaviour. It hypothesises that behavioural intentions are a good predictor of human behaviour and are influenced by three factors: attitudes towards the behaviour, subjective norms and perceived behavioural control. In this theory an attitude towards behaviour is a favourable or unfavourable evaluation of the behaviour. Subjective norm is the perceived social pressure to perform or not to perform the behaviour. Perceived behavioural control is the perceived capability to perform the behaviour. Each of the factors further consists of two dimensions. Attitudes towards a behaviour consist of people's beliefs about the consequences of performing a behaviour and people's evaluations of these consequences. Social norms consist of the beliefs about expectations of other people regarding the behaviour and how much people want to comply with these expectations. Perceived behavioural control consists of people's assessment of factors which facilitate or stand in the way of performing a behaviour and their perception of the extent to which they do so.
There are a number of questions raised about the predictive validity of the theory of planned behaviour.
Some researchers argue that attitudes can directly influence behaviour, regardless of behavioural intention or subjective norm (Albrecht and Carpenter 1976; Manstead et al. 1983) . In a meta-analysis of eighty-eight attitude-behaviour studies Kraus (1995) found attitudes significantly and substantially predict future behaviour. However, the majority of studies investigating the relationship between attitudes and behaviour conclude that the direct correlations of attitudes and behaviour are not high (Bagozzi 1978; Bagozzi and Burnkraut 1979; Bruvold 1973; Schuman and Johnson 1976) . This indicates that additional factors are required to achieve high predictive validity in behavioural models.
One factor that is not accounted for in the Theory of Planned Behaviour is the effort which is associated with the specific behaviour under study. Bagozzi et al. (1990) suggest that if the amount of effort required to perform a behaviour is high, intentions to act will strongly mediate the relationship between attitudes and behaviour. If the required effort is low, attitudes will predict behaviour directly.
A number of authors have questioned the contribution of the construct of subjective norm in predicting specific human behaviours. They have mainly questioned the operationalisation of the construct, not the importance of social influence per se (Terry and Hogg 1996; Trafimow and Finlay 1996) .
Despite the criticisms of the Theory of Planned Behaviour acknowledged here, the theory has been successfully used in attempts to provide a better understanding of diverse range of human behaviours (Armitage and Conner 2001; Hagger et al. 2002; Pullen et al. 2001) . We therefore use the theory of planned behaviour as the central point of the conceptual model of water-related consumer behaviour.
The relation between behavioural intentions and behaviour
A critical issue remains that consumers do not always purchase products despite their stated intentions to do so. For example, in relation to green power (e.g. wind power) Truffer et al. (2001) found that twenty per cent of consumers state a willingness to pay between 10 per cent and 20 per cent more for green power products, yet actual adoption is less than 1 per cent. The discrepancies that can exist between individuals' stated and actual behaviour has been considered when developing this model. Meta-analytic reviews show that attitudes, subjective norms and perceived behavioural control together In their theory of reasoned action, Fishbein and Ajzen (1975) state that behaviour can be best predicted from a person's intention, or willingness, to perform the behaviour. The theory of planned behaviour proposed that perceived behavioural control emerges as an additional predictor of intentions and actual behaviour. The theory suggests that the level of intention shown by an individual is the best predictor of behaviour. Intention is influenced by internal and external control constructs and is seen as a function of an individual's attitude toward behaviour and any subjective norms. Intention is a cognitive representation of an individual's behavioural tendency (Faiers et al. 2007 ).
Recent research has found that other variables emerge as additional distinctive predictors of intentions, such as self-identity, that is the extent to which performing the behaviour is an important component of a person's self-concept (Sparks and Shepherd 1992; Theodorakis 1994) . Similar evidence was found with donating blood -people are more likely to intend to give blood if donating blood was an important part of their self-identity (Charng et al. 1988) . Terry et al. (1999) supported the idea of selfidentity and extended this to social-identity and group norms. Group norm was related to behavioural intentions, but only for participants who identified strongly with the group. Importantly, researchers have also found that measures relating to past behaviour significantly improve the prediction of later behaviour (Saba and Di Natale 1999; Saba et al. 2000) .
Consistent results for the relationship between behavioural intention and behaviour are delivered by Scholderer and Grunert (2001) as well as Olsen (2001) . The intention towards the behaviour showed a significant impact on consumption frequency and a positive relationship between them. Intentions typically explain between nineteen per cent and thirty-eight per cent of the variances in behaviour in prospective studies (Ajzen 1991; Armitage and Conner 2001; Sheeran and Orbell 1998) . Some studies show high correlation between an individual's intention and behaviour (Shepherd 1990; Towler and Shepherd 1991/1992) , whereas other studies show a lower correlation (Saba and Di Natale 1999) .
Similar studies in various fields support the large effect of intention on behaviour (Armitage and Conner 2001; Sheeran et al. 1999; Sheeran and Orbell 1998) . Thus in the context of water-related behaviours it will be important to understand the relationship between behavioural intentions and actual behaviour.
Developed from the theory discussed in section two of this paper, the conceptual model of water conservation behaviour and acceptance of water from alternative sources is presented in Figure 1 .
There are many behaviours which could contribute positively to the management of water supply. The behaviours chosen for exploration in this study were informed by Australian water policy (State and National) analysis and water industry (Australian Water Association) newsletters and emails. The following eight water-related behaviours were chosen for inclusion in this study: 1) The use of water from an alternative source (non-traditional) for non-potable purposes (all uses except drinking), 2) Drinking water from an alternative source, 3) Relocate (residential location) due to a water situation (e.g. because of drought, or because recycled water is added to the supply system), 4) Water conservation, 5) Communication of water-related issues (e.g. talking to friends and family, writing a letter to a newspaper editor), 6) Water-related purchase (e.g. the purchase and installation of a rain water tank, or the installation of a swimming pool), 7) Joining a water interest group (such as 'Citizens against drinking sewerage'), 8) Water-related illegal behaviour (e.g. non-compliance with water use restrictions, stealing water, or tampering with water meters). These behaviours listed are both supply and demand side solutions.
The behaviours chosen for exploration, are in our view distinctly different from each other. We deliberately keep them separate because we assume that they will each have distinctly different decision making considerations by individuals. For example, one could argue that joining an interest group (behaviour 4) is also communicating about water (behaviour 5). Yet, we believe that joining an interest group is a much more actively involved behaviour which leads to a larger sacrifice in time and more social connections made in the context of water activism etc.
Existing knowledge about water-related behaviours
Through an extensive review of literature, this section of the paper aims to describe which areas of the conceptual model presented (Figure 1 ) have been studied in the past as applied to water-related behaviours (listed in section 2.4). This review will lead to insights about knowledge levels across the entire conceptual model, thus highlighting a future research agenda. While literature reviews have . These studies have found that close to personal use of recycled water (such as drinking and showering) are less 'accepted' than uses such as garden watering or toilet flushing. A significant body of research has been conducted to examine the effect that personal characteristics have had on willingness to use recycled water. Less research has been conducted on the effect of locational characteristics on these behaviours. An overview of existing research in these areas is provided below.
The effect of personal characteristics on water-related behaviour
Extensive research has been undertaken exploring socio-demographic characteristics of water-related behaviour, particularly of those willing to use recycled water. In research conducted during the 1970s and 1980s, higher levels of income, occupation and education were the factors most frequently found to Less research has been conducted on the effect of personal characteristics for other water-related behaviours. In a study of public attitudes towards water conservation, Flack and Greenberg (1987) found that higher paid and better educated respondents were more inclined to install water-saving devices. Vernon-Gerstenfeld and Hart (1991) found that younger and more highly educated people were more willing to adopt dual pipe systems for delivery of recycled water for non-drinking purposes.
The effect of environmental / locational characteristics on water-related behaviour
characteristics on water-related behaviour. In a study regarding public attitudes toward water conservation in the United States of America (USA), Flack and Greenberg (1987) investigated the effect of restrictions to lawn watering, and attitudes to various pricing regimes for water (e.g. water metering and flat-rate customers). With regard to the effect of water use restrictions, they found that when compared to unrestricted water users, those that were subject to restrictions were more willing to make voluntary changes to their residential horticultural practices for the purposes of reducing water demand. With regard to pricing Flack and Greenberg (1987) found consumers preferred the pricing regime they were presently subjected to (e.g. flat rate customers preferred a flat rate). Also investigating the price of water but in Tunisia and Jordan, Madi et al. (2003) found that the price of water affected farming profitability and farmers' willingness to pay for reclaimed water in a particular context.
Other studies have researched attitudes to conservation with communities impacted by restrictions. However, they have not compared this with communities not subject to water use restrictions (Friend and Coutts 2006; Marks et al. 2008; Randolph and Troy 2007) . Allon and Sofoulis (2006) conducted cultural research on domestic water use in Sydney Australia, a city which has been subject to water use restrictions. The authors found that while participants of the study were found to take personal measures to save water, they were "largely stuck within current socio-technological systems". Nancarrow et al. (2002) investigated community attitudes to water restrictions in Perth, Australia.
They found that despite the introduction of water restrictions seventy-one per cent of respondents stated they did not change the time of day they watered their garden and lawn, and forty-seven per cent stated they did not change the length of time they watered. Frequency of garden watering was high with fifteen per cent of respondents reportedly watering their garden everyday, thirty-two per cent every second day, and forty-three per cent two to three times a week. The high use of water still evident by respondents could be explained by the fact that in total, thirty-five per cent of respondents owned or shared a bore, the use of which is not subject to water use restrictions. Despite restrictions to water use, seventy-nine per cent of respondents said that their lifestyles had not been affected by restrictions.
The effect of knowledge and marketing interventions on water-related behaviour
A number of studies have investigated community knowledge of water-related issues in conjunction with behavioural studies. However, few have researched the effect knowledge, or marketing interventions have on actual behaviour. A review of the limited studies undertaken is provided below.
The effect of knowledge on water-related behaviour
Numerous studies of both a theoretical and empirical nature have investigated determinants of support for household water conservation. Watkins (1974) developed a water concern scale including measured attitudes to water. Dziegielewski (1994) involved belief in the seriousness of water shortage, knowledge of the potential savings, and the perception that conservation measures are equitable. These were found to be important determinants for support of household water conservation in predicting both per capita water consumption and adoption of water conservation behaviours. Bruvold (1979) focused on two variables 1) perceived seriousness of the drought, and 2) belief that conservation measures should be practiced in the long-term. Cameron and Wright (1990) added to this perceived benefit, attitude towards conservation and information possession.
In relation to recycled water use, Baumann (1983) found willingness to use was dependent upon the intended use of recycled water (e.g. personal versus non-personal use) and to knowledge concerning recycled water. In a study of farmers' attitudes to recycled water in Greece, Tsagarakis and Georgantzis (2003) found that small-scale farmers exhibit a positive attitude to the use of recycled water. They also found that willingness to use recycled water may increase with the availability of information regarding the effects of its use on private and social wellbeing. Other studies have also found that knowledge about recycled water (process, safety, benefits etc) influences willingness to use recycled water (including: Flack and Greenberg 1987; Hurlimann and McKay 2004; Jeffrey and Jefferson 2003; Lohman and Milliken 1985; Roseth 2008) .
The effect of marketing interventions on water-related behaviour
The impact of marketing interventions on water-related behaviour has been researched to a limited extent. Interventions could include activities such as: public information campaigns (through various distribution methods including brochures, and the media), public policy (for example water use restrictions), marketing campaigns and demonstration projects (e.g. publicly accessible recycled water projects). Gibson and Apostolidis (2001) held a workshop during the initial phase of the Queensland (Australia) Water Recycling Strategy. A result of this workshop was the determination that a high priority must be given to the demonstration of recycling practices not being utilised in the State.
Baumann (1983) conducted a literature review of recycled water research and established that there was a need for proper education, and exposure to recycled water to get the support of the public.
A number of recycled water demonstration plants have been built in Australia (Chapman 2006; Friend and Coutts 2006) . While these demonstration plants have been built and documented, limited research has been conducted to assess how these demonstration plants have impacted the behaviour of individuals. The UK demonstration project 'The Watercycle project at the Millennium Dome' was one of the largest in-building recycling schemes in Europe, with 6 million visitors in 2000 (Hills et al. 2002 ). An investigation of visitor perceptions of recycled water was conducted. Surveys of 1,055 visitors to the Millennium Dome were conducted in relation to their water recycling and conservation initiatives. Results indicate that education, information and exposure to recycled water systems further increases users' acceptance of the concepts (Hills et al. 2002) . The literature review conducted here reveals there is a lack of demonstration projects for other alternative sources of water, and limited research into the impact of these demonstration projects on actual behaviour. Lohman and Milliken (1985) conducted a study in Denver, USA which measured the degree of public awareness about potable wastewater reuse. The authors analysed the effect of information/education measures on public understanding and acceptance of potable wastewater reuse. Analysis revealed that a prerequisite to positive change in attitude is an individual's faith in the water supply agency.
Following that, reading material should be supplemented by the visual experience of a plant tour (actual or perhaps a filmed simulation) to achieve public interest and understanding of the reuse concept.
Water use restrictions are one example of a policy intervention by governments. Randolph and Troy (2007) investigated stated water use behaviour of 2179 Sydney households during periods of water use restrictions. They found that ninety percent of respondents stated they had in some way reduced their water use. Further research is required to explore actual behaviour change resulting from restrictions and other policy interventions. Various authors have discussed the effect media campaigns can have on people's attitudes to alternative water sources (Allon and Sofoulis 2006; Coutts 2006; Dishman et al. 1989; Friend and Coutts 2006; Marks et al. 2008; Po et al. 2003) . However, none of these studies have measured the effect those campaigns have had on actual water use behaviour.
The effect of attitudes, social norms and perceived behavioural control in relation to water behaviours
The theory of planned behaviour (Ajzen 1985) has received some attention with regards to water behaviours. Clark and Finley (2007) conducted a large study using the theory of planned behaviour as a theoretical framework in evaluating determinants of intention to implement a set of specific water conservation behaviours among residents of Blagoevgrad in Bulgaria. A positive and significant correlation of the theory of planned behaviour variables were found with water conservation intention.
Self-perceived knowledge of climate change was also significantly related to intention. The authors tested the effect of environmental attitudes and concern over future shortage of water on conservation.
They found these variables to be significant but relatively weak determinants. Trumbo and O´Keefe (2001; tested the theory of planned behaviour to predict water conservation intention and behaviour in California-Nevada. In addition to attitudes, social norms and perceived behavioural control, they considered socio-demographics, environmental values and information effects. The result showed that their model accounted for 27 per cent of the variance in behavioural intention, with the core theory of planned behaviour variables making up 67 per cent of the total.
Lam (1999) used a modified theory of planned behaviour model. The model included perceived moral obligation and perceived water rights in addition to the core theory variables, to separately predict intention to behaviour. The theory explained 41 per cent of the variance in intention to reduce usage and 24 per cent of the variance in intention to install water-saving appliances. To predict reduced use, the inclusion of the additional variables was not significant in the intention to that behaviour. With the installation of appliances, the additional variables had a small but significant contribution to the intention to install. In more recent work in Taiwan. Lam (2006) attempted to predict people's intention to save water (through the installation of dual flush control to toilets). Lam found that the theory of planned behaviour alone is insufficient to understand people's intention to install dual-flush controllers in toilets, but that subjective effectivenss of alternative solutions is a good predictor for the intention.
Lam's results suggest tjat water-conservation campaigns should poblicise not only the effectiveness but the advantages of efficient technologies over traditional means. Nancarrow et al. (2008; see also Po et al. 2005) used the Theory of Planned behaviour to assess intention to drink recycled water or eat produce irrigated with recycled water. The researchers found that 'perceived behaviour control' was not significant, however subjective norms were. Attitude (the extent to which a person believes that supporting the recycled water scheme will deliver positive outcomes) had a significant impact on intended behaviour. Their model accounted for eighty-five per cent of the variance of intended behaviour for horticultural irrigation, and eighty-nine per cent for indirect potable reuse. A useful review of select psychology studies regarding water and energy conservation is provided by Seligman and Finegan (1990) . The authors suggest that some factors that are successful in determining consumption for one resource are not necessarily important for another.
They explain that resource behaviours vary along the dimensions of difficulty to conserve and how private or public the nature of the consumption activity is. Importantly they suggest that public consumption activities are susceptible to a variety of social influence pressures (social norms) wjere as private consumption behaviours are more likely to be affected by internalization processes.
Substantial research has also been conducted with regard to how various attitudes and beliefs affect water-related behaviours. The relationship between environmental attitudes and related specific beliefs, and between environmental attitudes and specific water behaviours have been found to be unimpressive (Bruvold 1972) . Bruvold´s (1973) results indicate that attitudes are better understood if a combinatorial index of several relevant beliefs, and a combinatorial index of several relevant behaviours are themselves jointly related to attitude. Hurlimann et al. (2008) found the following attitudes to promote acceptance of recycled water use: trust the water authority, perception of fairness in terms of price, belief they are being properly informed about the water, and belief that there is no risk.
As discussed in section 3.1, overwhelmingly the most comprehensively research component of waterrelated behaviours is with people's willingness to use recycled water. Attitudes to recycled water use are thus well researched, while attitudes to desalinated water have received little academic attention. Dolnicar and Schäfer (2009) conducted a novel comparative study of knowledge, perceptions and acceptability of recycled water and desalinated water in Australia. They found that respondents discriminated between recycled and desalinated water. Respondents understood that recycled water is a more environmentally-friendly option than desalinated water, but that they have fewer reservations about quality of desalinated water. Dolnicar and Schäfer found that respondents discriminate according to water use. Respondents' stated likelihood of adoption for close to body uses (e.g. drinking and showering) was high for desalinated water when compared to lower contact uses such as irrigation and cleaning for which recycled water was ranked higher.
The relationship between behavioural intentions and behaviour relating to water-related behaviours
The majority of research conducted surrounding water-related behaviours has been on behavioural intentions. Scarce research has been conducted on actual water-related behaviour. In particular there is a lack of research relating to gauging actual attitudes to recycled water use and desalinated water use.
Most research that has been undertaken with regards to these behaviours has been undertaken hypothetically, on communities who have not had actual experience with the water behaviours studied.
With regards to recycled water use, studies have been conducted with communities using this resource for non potable purposes (Albrechtsen 2002; Hills et al. 2002; Hurlimann 2008; Marks 2008 ), but not with communities using recycled water for potable purposes. These studies have been insightful revealing actual experiences of recycled water use, and informing aesthetic quality improvements in these and other projects. The CSIRO in Australia conducted research on participants who believed they were eating products grown with various alternative water sources, however they were being deceived for the purpose of the study (Nancarrow et al. 2008; Po et al. 2005) . There is a limited, but growing body of research conducted on attitudes to water use restrictions by communities subject to actual restrictions (for example: Allon and Sofoulis 2006). As discussed in section 2.4 of this paper, it is important to research actual water-related behaviour rather than hypothetical behaviour.
Knowledge gaps
Using the literature reviewed in section three of this paper, the extent to which previous research has addressed the concepts in the conceptual model is presented in Figure 1 . Four shades of grey are used to indicate the extent to which these concepts have been addressed in past research. As can be seen from this figure, the vast majority of work is located at the cross-roads of personal characteristics and behavioural intentions.
In summarizing the literature review conducted in section three of this paper, it appears that prior work aiming at understanding water conservation behaviour, as well as people's willingness to use water from alterative sources, has only covered a very limited range of areas. There is great potential to further understand these behaviours and behavioural intentions through additional investigation of water-related interventions, social norms and perceived behavioural control. Further work regarding the influence of water related knowledge and environmental / locational characteristics would also be beneficial.
Some water behaviours and behavioural intentions included in the model have been scarcely investigated (such as water-related illegal behaviour, relocation, joining a water interest group, and communication of water-related issues). These behaviours could make a significant contribution to water resource management. Further knowledge and research is required in order to understand and positively influence these behaviours. As discussed in section 2.4 of this paper there have been mixed results related to whether behavioural intention does predict actual behaviour. Thus, further research to address the identified gap in actual water-related behaviroural research would be beneficial.
Insert Figure 1 
Conclusions
This paper has presented and justified a conceptual model of water conservation behaviour and acceptance of the use of water from alternative sources in developed nations. This model was purposefully developed from general consumer behaviour literature in order to identify knowledge gaps. The most significant aspects of a comprehensive review of literature in the direct area of water 21 behaviour were then presented. This two step conceptual model and review process allowed the identification of areas in which knowledge is lacking and informed the development of a water behaviour knowledge map, unconstrained by previous direct research.
The review of water-related behavioural literature established that the majority of work is located at the cross-roads of personal characteristics and behavioural intentions. Significant gaps exist in relation to the exploration of the adoption of a wide range of demand-side water behaviours. This indicates the dominance of supply-side solutions in social research exploration. Significant gaps exit with regards to researching actual behaviours, with a dominance of behavioural intention research. The one actual behaviour that has been researched to some degree is water conservation. Through the review, the following research needs have been identified: 1) the exploration of actual adoption of water-related behaviours (rather than behavioural intention)
2) widen the scope of water behaviour enquiry to include other demand-side solutions Given the increasing scarcity of water in many areas of the world, addressing these identified gaps will be of significant importance. Thus our model informs a social-research agenda for water policy.
